In this study, the settled floc (sludge) produced by aluminum sulfate (Al 2 (SO 4 ) 3 ), ferric chloride (FeCl 3 ) and titanium tetrachloride (TiCl 4 ) flocculation was recycled with a novel flocculation process, which has a significant potential to the lower cost of waste disposal, protect the environment and public health and yield economically useful byproducts. Three coagulants removed 70% of organic matter in synthetic wastewater.
Introduction
Flocculation causes contaminants to coagulate and is one of the most common chemical treatment methods. Flocculation can be used to remove organic matter, which causes trihalomethane formation during disinfection. However, the flocculation process using a coagulant produces a large amount of sludge which reduces the efficiency of wastewater treatment [1] . Most of this sludge is solid waste from which nothing beneficial can be recovered, cannot be reused and requires further treatment such as incineration, landfill, etc. A novel coagulant and/or a novel process that produce less sludge or more reusable sludge offers a solution to many environmental and economic problems associated with sludge handling.
Commonly-used coagulants include aluminum (72%) and iron salts (23%) in water treatment plants [2] . Recently, Shon et al. [3] developed a new coagulant which is titanium tetrachloride (TiCl 4 ). The alternative coagulant (TiCl 4 ) changes into TiOCl 2 in 3 wastewater. Depending on pH, the TiOCl 2 hydrolyses to Ti(OH) 4 . As the zeta potential of the negatively-charged organic matter is broken by Ti(OH) 4 , organic matter aggregates with the Ti(OH) 4 . Here phosphorus and a variety of metal compounds are found in the wastewater. During incineration of the settled floc, 55% of water and 20% of organic matter in the wastewater are vaporized and resulting in the compound TiO 2 .
Titanium chloride (TiCl 4 ) has widely been used in industry as an intermediate in the production of titanium rutile, titanium oxide and titanium pigments. Importantly, the cost of bulk TiCl 4 is comparable to iron chloride or aluminium sulphate so the process offers an efficient and economical alternative for the removal of organic matter and sludge reduction. Furthermore, protocols for the safe handling and use of bulk TiCl 4 are well documented [4] . Thus, the TiCl 4 flocculation is efficient and economical not only in terms of removal of organic matter, but also reducing the amount of sludge.
The objective of this study is to reduce the sludge produced from a flocculation process and produce useful byproducts by calcination of sludge. Byproducts produced from sludge obtained after Fe, Al and Ti-salt flocculation were investigated in term of particle structure, functional group, elemental content and particle size. with an optimum dose in synthetic wastewater. The composition of the synthetic wastewater is presented in Table 1 [5] . The relative molecular mass of the mixed synthetic wastewater ranged from 300 daltons to about 34100 with the highest fraction of 900 -1200 daltons. Although sodium lignin sulfornate and tannic acid showed the peaks at 12100 and 6300 daltons respectively, the corresponding peaks were not found in the mixed synthetic wastewater. It may be due to aggregations between organic and inorganic compounds in the synthetic wastewater. The samples were stirred rapidly for 1 minute at 100 rpm, followed by 20 minutes of slow mixing at 30 rpm, and 30 minutes of settling. Organic matter was measured using a Dohrmann Phoenix 8000 UVpersulphate TOC analyzer equipped with an autosampler. All samples were filtered through 0.45 µm membrane prior to organic measurement. Table 1 . Constituents of the synthetic wastewater
Characterisation of the settled floc (sludge) and byproduct (metal oxide)
The decantability test with different settled flocs after flocculation was measured using the ratio of floc head in terms of length unit (cm). XRD images (Rigaku, Japan) of anatase and rutile TiO 2 photocatalysts to identify the particle structure was investigated.
All the XRD patterns were analyzed with MDI Jade 5.0 (Materials Data Inc., USA).
UV-VIS-NIR spectrophotometer (Cary 500 Scan, Varian, USA) was used to identify the absorbance range and the band gap of TiO 2 incinerated at different temperatures was calculated. The photocatalytic activity test of TiO 2 was investigated under irradiation of 5 UV (Sankyo, F10T8BLB, three 10 W lamps) and visible light (Kumbo, FL10D, three 10W lamps) using the method of photodecomposition of gaseous acetaldehyde. The concentration of acetaldehyde was measured by gas chromatography (Youngin, M600D, Korea). The particle size distribution of metal oxides after calcinations was investigated with a laser particle size analyzer (LS-230, Beckman Coulter, USA). The visual microscopy was used to measure the shape and size of TiO 2 . SEM/EDX results were investigated. Micromeritics Gemini 2360 analyzer (USA) for BET surface area analysis was used with automatic surface area analyzer. consisted of nano size particles (5%) and 2. 75 μm micro size particles (40%). Since TiO 2 is an attractive material due to its chemical stability, low cost and non-toxic properties, this study concentrated on TiO 2 nanoparticles in terms of the effect of different temperatures.
IR and optical property of TiO 2
The FTIR spectra of different TiO 2 powders after calcination are depicted from 4000 cm -1 to 700 cm -1 in Figure 5 . It is well known that the variation modes of anatase skeletal O-Ti- , was also water-related functional group (H-O-H bending).
However, at 100 °C calcination, three main spectra were found at 1360 cm and 1220 cm -1 ( Table 2 ). Table 2 . FTIR analyses at 100 °C calcinations of Ti-salt floc Figure 6 shows UV-visible absorption of P-25 and the different TiO 2 at different temperatures. P-25 photocatalyst absorbed the majority of UV light (less than 417 nm wavelength). However, the onset of the absorption spectrum of TiO 2 , calcination at 600 ºC, 800 ºC and 1000 ºC appeared at 407 nm, 407 nm and 430 nm, respectively. The band gap was 3.18 eV (P-25), 3.05 eV (after 600 ºC), 3.05 eV (after 800 ºC) and 2.89 eV (after 1000 ºC), respectively. 
Photocatalytic activity
The photocatalytic activity test with P-25 and TiO 2 produced from the Ti-salt sludge (600 °C, 800 °C and 1000 °C calcination) was investigated under irradiation of UV (Sankyo, F10T8BLB, three 10 W lamps) and visible light (Kumbo, FL10D, three 10W lamps) using the method of photodecomposition of gaseous acetaldehyde ( were significantly changed at different temperatures. Photoactivity of TiO 2 at different temperatures was significantly varied. At 600 ºC cacination, the photoactivity was very high. On the other hand, at 800 and 1000 ºC, the photoactivity was marginal compared with that of P-25 photocatalyst.
This study has significant potentials to minimize a large amount of sludge from water treatment plants. The recovered sludge can be converted to useful metal oxides which are titanium dioxide, hematite and alumina. The significant quantities of metal oxides can be applied to environmental remediation, construction material and energy production. Table 2 . FTIR analyses at 100 °C calcinations of Ti-salt floc 
